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SLC22A; cancer; epithelia; homidium; toxicity THE BODY is equipped with broad-specificity transporters for the excretion and distribution of endogenous organic cations and for the uptake and elimination of cationic drugs, toxins, and environmental waste products. This group of transporters includes the ATP-binding cassette transporter, P-glycoprotein (ABCB1/Pgp), the organic cation transport proteins (OCTs), SLC22a1/ OCT1, SLC22a2/OCT2, SLC22a3/OCT3, SLC22a4/OCTN1, the Na ϩ -carnitine cotransporter and OCT SLC22a5/OCTN2, and the recently identified multidrug and toxin extrusion organic cation/ proton antiporters MATE1, MATE2-K, and MATE2-B (23, 31, 38, 44, 53) . The transporters show broadly overlapping sites of expression in many tissues such as small intestine, liver, kidney, heart, skeletal muscle, placenta, lung, brain, cells of the immune system, and tumors. Transcellular movement of these organic cations in hepatocytes, enterocytes, and kidney proximal tubule (PT) cells is mediated by the combined action of electrogenic OCT-type uptake systems, the efflux pump ABCB1/P-gp, and MATE-type efflux transporters (24) , which thereby contribute to the elimination of those compounds from the body (23) . In human kidney PT, mainly OCT2, and to a small extent OCT3 (and perhaps OCT1), is important for basolateral uptake, whereas in rodents OCT1 is also involved (for a review, see Ref. 24) .
The phenanthridine derivatives ethidium/homidium (Et ϩ ) and propidium (Pr 2ϩ ) are membrane-impermeant dyes that bind DNA without base pair preference. Both compounds are relatively small water-soluble organic cations with a bulky structure containing aromatic rings (Fig. 1 ). Fixed and dead cells, in which cell membrane integrity is compromised, are readily stained with Et ϩ and Pr 2ϩ , whereas living cells are able to exclude the dyes. Upon binding to DNA, Et ϩ fluorescence increases by ϳ100-fold, therefore Et ϩ is frequently used in molecular biology for visualizing DNA on agarose gels (3) . In addition, Et ϩ is a marker of necrotic cell death based on its hydrophilic property. Morphological changes in DNA due to apoptotic cell death are visualized by a lipophilic dye, such as DAPI or Hoechst-33342 (37) and/or acridine orange (28) , whereas necrotic cell death is marked by positive ethidium bromide (EtBr) staining. Due to its DNA-binding property, Et ϩ may act as a mutagen by inserting into the DNA helix and deforming its structure. Et ϩ is also very toxic in vivo (9, 36, 48) . It may disturb cellular processes, such as cell division, and has also been suspected to be carcinogenic and teratogenic (51) . Pr 2ϩ iodide (PI) is also used as a necrosis marker as well as an indicator of DNA content for cell cycle studies (10, 33) . Like Et ϩ , Pr 2ϩ is a membrane-impermeant fluorescent molecule, which binds to both DNA and RNA nucleic acids by intercalating into helical structures. At variance to Et ϩ , Pr 2ϩ is considered to be relatively harmless showing more or less no mutagenic effects.
While performing cadmium toxicity studies, we observed that the kidney PT of control mice had strong extensive Et ϩ fluorescence, even though no toxic stimulus had been applied. In the present study, we systematically investigated uptake of Et ϩ by known OCT isoforms and demonstrate that in permanently transfected cell lines that Et ϩ is a high-affinity substrate for all OCT isoforms, whereas Pr 2ϩ is not transported. This is confirmed in vivo where Et ϩ uptake in PT of Oct1/2 knockout (Oct1/2 Ϫ/Ϫ ) mouse kidneys is abolished.
MATERIALS AND METHODS
In vivo vital dye perfusion of mouse kidneys and scanning fluorescence microscopy. All animal experiments were conducted according to the German law for animal care and the National Institutes of Health Guide for the Care and Use of Laboratory Animals (License No. 54-2531.1-06/06 by review and approval from the state of Bavaria). Slc22a1/Slc22a2 (Oct1/2) male double knockout ( Ϫ/Ϫ ; 9 wk old) and corresponding FVB wild-type mice were purchased from Taconic (Germantown, NY), and adult male C576B mice (12 wk old) were obtained from Charles River Laboratories (Sulzfeld, Germany). Adult male mice (9 wk old) were anesthetized with isoflurane and blood was replaced with Ringer-type solution (in mM: 145 NaCl, 0.4 KH 2PO4, 1.6 K2HPO4, 5 glucose, 1 MgCl2, 1.3 CaCl2, 5 HEPES, pH 7.4) containing 10 IU/ml heparin through an aortal catheter. Mice were immediately perfused with 50 ml of Ringer-type solution containing EtBr (5-25 M; Sigma, Deisenhofen, Germany) or PI (25 M; Sigma) with a constant flow rate of 15 ml/min for 5 min. Subsequently, EtBr or PI solution was removed by perfusion with 20 ml of Ringer-type solution. Fixation of the tissues was performed by perfusing 40 ml of fixative solution (3% paraformaldehyde, 100 mmol/l sucrose, 90 mmol/l NaCl, 15 mmol/l K 2HPO4, 1 mmol/l EGTA, and 2 mmol/l MgCl2, pH 7.4). Then, kidneys were removed and incubated overnight at 4°C in a modified fixative solution containing 1% paraformaldehyde and 17% sucrose. Kidneys were frozen in 2-methylbutane (Ϫ35°C) and stored at Ϫ80°C. Transverse cryosections (5 m) were mounted on polysine slides (Kindler, Freiburg, Germany). For actin staining, slides were incubated with AlexaFluor 647-phalloidin (Invitrogen) for 1 h. After being washed, slides were mounted with fluorescent-free glycergel mounting medium (DakoCytomation, Hamburg, Germany). Sections were analyzed with an epifluorescence microscope (Axiovert 200M running Axiovision software, Zeiss, Jena, Germany) using automated mosaic scanning (Plan Neofluar 10ϫ/0.3 objective, excitation at 533-558 and 625-655 nm, emission at 570 -640 and 665-715 nm, respectively).
Generation of stably transfected Chinese hamster ovary-human OCT and human embryonic kidney 293-human OCT cell lines. The Chinese hamster ovary cell line (CHO-K1), which was obtained from the American Type Tissue Collection (Manassas, VA), was routinely cultured in F-12 (HAM) medium (Invitrogen) supplemented with 10% heat-inactivated fetal bovine serum and maintained at 37°C in a humidified atmosphere containing 5% CO 2 before transfection. The human (h)OCT1 (GenBank accession number X98322), hOCT2 (X98333), and hOCT3 (AJ001417) cDNAs were amplified by RT-PCR from total RNA of human liver and kidney and subcloned into the pcDNA5/FRT/TO vector (Invitrogen, Karlsruhe, Germany). Then, the eukaryotic expression vectors were transfected to Flp-In-CHO cell line using Lipofectamine 2000 transfection reagent (Invitrogen) according to the manufacturer's recommendations and selected for positive clones with 600 g/ml hygromycin B (PAA, Pasching, Germany). Stably transfected cells were cultured as described above (29) in the presence of 300 mg/l hygromycin B. Human embryonic kidney (HEK) 293 cells were stably transfected with hOCT1, hOCT2, and hOCT3 and selected as described earlier (4) . HEK293 cells were cultivated at 37°C in DMEM containing 3.7 g/l NaHCO3, 1.0 g/l D-glucose, and 2 mM L-glutamine, 10% heat-inactivated fetal calf serum, 100,000 U/l penicillin, 100 mg/l streptomycin, and 0.8 mg/ml geneticin, as described.
The CHO and HEK293 cells stably transfected with hOCT1, hOCT2, and hOCT3 vectors with the highest transport activity were chosen for further work.
Vital dye uptake studies. To achieve similar confluency, HEK293 (8.5 ϫ 10 4 ), HEK293-hOCT2 (11 ϫ 10 4 ), and HEK293-hOCT3 (12 ϫ 10 4 ) cells or CHO-pcDNA5 (9.5 ϫ 10 4 ) and CHO-hOCT1 (9.5 ϫ 10 4 ) were seeded per well in 24-well plates and allowed to grow for 3 or 2 days, respectively, before experiments with confluent monolayers. Medium was aspirated, and then EtBr or PI diluted in HBSS (in mM: 136.9 NaCl, 5. (39) , a ϳ50% distribution between nucleus and cytosol, and an increase of fluorescence intensity by a factor of ϳ100 (26) upon binding of Et ϩ to nucleic acids, the actual values for V max may be approximately ϳ100-fold lower than those determined experimentally (see RESULTS) .
Fluorescence microscopy. Cells were incubated with HBSS containing 5 g/ml Hoechst-33342 and incubated for 20 min followed by either EtBr for 10 min or PI for 5 min at 37°C. Cells were washed once carefully in HBSS and viewed using filters for Et ϩ , Pr 2ϩ , and DAPI with excitation/emission wavelengths of 518/605, 545/610, and 360/460 nm, respectively, using a Visichrome High Speed Monochromator System, which was connected to a Zeiss Axiovert 200M microscope (Carl Zeiss) equipped with a Fluar 20ϫ, 1.3 oil immersion objective. Images were captured using a digital CoolSPAN ES CCD camera (Roper Scientific, Tuscon, AZ) and acquired, processed, and analyzed with MetaMorph software (Universal Imaging, Downingtown, PA). Due to the difference in Et ϩ uptake by the different cell lines, control/hOCT1 cells were exposed for 1,000 ms and hOCT2/ hOCT3 cells were exposed for 200 ms.
Measurement of [ 3 H]MPP
ϩ uptake. Tracer uptake measurements were performed, essentially as previously described (14) . After cells were detached with a soft EDTA/HEPES/NaHCO 3 buffer (0.02%/10 mM/28 mM) and resuspended in transport PBS (PBS with 0.5 mM MgCl 2 and 1 mM CaCl2), 90 l of cells were placed at the bottom of 2-ml tubes and warmed for 40 s at 37°C. Radioactivity solution (containing the appropriate concentration of the corresponding substrate or inhibitor) was placed on the inner wall of each tube, ϳ1 cm above the cell suspension. Uptake was started by vortexing the tube and incubating for 1 s at 37°C with 0.
The reaction was stopped by adding a 10-fold excess of ice-cold transport PBS containing 100 M quinine (stop buffer) and thoroughly mixing. Time was determined using a metronome for 1-s measurements. Cells were solubilized with 4 M guanidine thiocyanate and analyzed for radioactivity by liquid scintillation counting. The advantage of performing these "short-time" uptake measurements relies on the reduction of the passive diffusion component of the radiolabeled substrates used. 
RESULTS

Difference in Et
ϩ and Pr 2ϩ uptake in mouse kidney. While perfusing mouse kidney with PI or EtBr ( Fig. 1) , differences in the uptake of both fluorescent dyes became apparent. In the kidney of control mice, no positive Pr 2ϩ staining could be seen apart from scattered cells in the cortex and at the border between the inner cortex and the outer medulla ( Fig. 2A) . However, we noticed that staining was found within the cells in localized areas thought to be the nucleus rather than the entire intracellular space. This suggests that these cells had undergone necrosis due to hypoxic conditions (47) . Unexpectedly, when control mouse kidney was perfused with 25 M EtBr, it was taken up extensively in the kidney cortex, particularly in PT cells, whereas glomeruli and distal tubules were excluded (Fig. 2B) . Furthermore, the medulla was completely devoid of Et ϩ staining. Et ϩ fluorescence was predominantly found in S2-segments (Fig. 2B, right inset) , but Et ϩ fluorescence was also strong in S3-segments of PT present in the inner cortical areas (Fig. 2B, left inset) . The distribution of Et ϩ fluorescence as well as its molecular property as a small positively charged (27) . Cells stably overexpressing hOCT1-3 were first incubated with H-33342 followed by 2.5 M EtBr for 10 min (Fig. 3A) . Phase contrast was used to determine cell morphology as an additional parameter of cell viability (Fig. 3A,  bottom) . All cell lines were in a viable and healthy state indicating that exposure to EtBr for 10 min is not cytotoxic. Evidently, the control cells did not take up Et ϩ since the fluorescence did not reach detectable levels. In contrast, hOCT1, hOCT2, and hOCT3 cells displayed an increased Et ϩ fluorescence compared with controls, with hOCT2 accumulating the highest amount of Et ϩ (Fig. 3A) . Pr 2ϩ is another vital dye with a similar but a little more bulky structure than Et ϩ that is often used to determine necrosis based on its membrane impermeability (10, 33) . Contrary to Et ϩ , Pr 2ϩ was not taken up by cells overexpressing hOCT1, hOCT2, or hOCT3 (Fig. 4) . Fig. 3 . Uptake of Et ϩ in human organic cation transporter (hOCT) cells. Fluorescence microscopy was conducted on cells stained with 2 g/ml Hoechst-33342 for 20 min followed by 2.5 M Et ϩ bromide for 10 min at 37°C. Micrographs are representative of 3 experiments. Control/hOCT1 and hOCT2/3 samples were exposed to Et ϩ fluorescence for 1,000 and 200 ms, respectively. Bar ϭ 50 m (A). Kinetics of Et ϩ uptake were investigated in confluent cells incubated with 2.5 M for varying time points at 37°C (B) or varying concentrations of Et ϩ for 2.5 min (C) at 37°C and data were fitted as described in MATERIALS AND METHODS. Et ϩ fluorescence was measured at 535/590 nm on a fluorescence plate reader. Cells were then lysed, intracellular fluorescence was determined, and data were fitted according to the Michaelis-Menten equation. Graphs show means Ϯ SE (n ϭ 3-6).
To characterize the kinetics of Et ϩ uptake, experiments were conducted to investigate the effect of time on Et ϩ accumulation. The uptake of 2.5 M EtBr by hOCT1, hOCT2, and hOCT3 followed hyperbolic patterns increasing rapidly at short time points and reaching plateaus after ϳ60 min (Fig. 3B) . Note that hOCT1 reached a lower steady-state accumulation compared with both hOCT2 and hOCT3. Uptake measurements which were performed with 12.5 M EtBr yielded qualitatively similar time courses of uptake (data not shown). Lack of Pr 2ϩ uptake by human OCTs was further confirmed in uptake experiments with varying concentrations of Pr 2ϩ using an incubation time of 5 min (Fig. 4B) (Fig. 3C) 11, 24, 25) . We tested the effects of these substrates on uptake (Fig. 3C) . In the absence of inhibitors, 1,490 Ϯ 120 and 4,020 Ϯ 180 RFU were measured in HEK293 cells expressing hOCT1 and hOCT2 cells, respectively (n ϭ 21-26), and uptake was attenuated in a concentration-dependent manner by the inhibitors. Quinine and MPP ϩ blocked Et ϩ uptake with the highest affinity followed by cimetidine and TEA ϩ . IC 50 values obtained for inhibition of Et ϩ uptake by MPP ϩ , TEA ϩ , and cimetidine in cells overexpressing hOCT1 or hOCT2 were higher compared with those that have been performed previously for inhibition of uptake of TEA ϩ or MPP ϩ (24). Strikingly, the IC 50 value for cimetidine is more than 20 times higher compared with the K m value for cimetidine and with the IC 50 value obtained for inhibition of TEA ϩ uptake by cimetidine (49, 50) . This is supposed to be due to allosteric interactions of substrates at the substrate-binding domains of the OCTs (see DISCUSSION Values are means Ϯ SE (n ϭ 3-9). Confluent cells overexpressing either human organic cation transporter (hOCT)1, hOCT2, or hOCT3 were coincubated with varying concentrations of known OCT substrates/inhibitors in combination with 1 M ethidium (Et ϩ ; hOCT1) or 2.5 M Et ϩ (hOCT2, hOCT3) for 2.5 min at 37°C. Following medium removal, fluorescence was determined at 535/590 nm. Cells were then lysed and intracellular fluorescence was determined as described in MATERIALS AND METHODS. Data were fitted to the Hill equation and IC50 values were derived. uptake measurements ( (Fig. 3C) . In the presence of cimetidine, quinine, MPP ϩ , and TEA ϩ , uptake of Et ϩ was potently decreased (Table 1) . TEA ϩ inhibited Et ϩ uptake with low affinity as previously described (24) and cimetidine inhibited Et ϩ uptake (IC 50 ϭ 0.24 Ϯ 0.06 mM; n ϭ 4) more potently than hOCT1/2. The IC 50 value for cimetidine is only about six times higher than the value of 39 M obtained for the inhibition of 0.1 M MPP ϩ uptake by cimetidine described in the literature (16 (Fig. 5, A-C (Fig. 5C ). In Fig. 5D Ϫ/Ϫ mice. In the kidney of rodents, OCT1 (1, 25) and OCT2 (25) are highly expressed, whereas in humans, mostly OCT2, no OCT1, and a small amount of OCT3 are expressed. To provide evidence for the roles of OCT1 and OCT2 in Et ϩ uptake in the kidney, Oct1/2 Ϫ/Ϫ mice and their respective wild-type controls were perfused with 5 M EtBr for 5 min and visualized by scanning microscopy. As seen in Fig. 6A , Et ϩ was extensively taken up in the kidney cortex, but not the medulla, as described in Fig.  1 . In the Oct1/2 Ϫ/Ϫ mice, fluorescence in the relevant cortical areas was almost abolished (Fig. 6B) . To determine the possible contribution of OCT3 to Et ϩ uptake in the kidney of wild-type and Oct1/2 Ϫ/Ϫ mice, mRNA expression of OCTs was quantified by real-time PCR. In wild-type mice, OCT1 and OCT2 mRNA expressions were 1,030 Ϯ 322 and 285 Ϯ 85 times higher than OCT3 mRNA levels, respectively (n ϭ 3). Knocking out OCT1 and OCT2 increased OCT3 expression in mouse kidney by a factor of ϳ2, without reaching statistical significance (data not shown). These data therefore indicate that the contribution of OCT3 to Et ϩ uptake in the mouse kidney is at the most marginal. They are in agreement with transport measurements of organic cations in Oct1/2 double knockout mice (18) .
DISCUSSION
In the present study, we provide evidence that the vital dye Et ϩ , which is routinely used in cell viability determination assays, is transported by the human organic cation transporters OCT1/2/3. In contrast, Pr 2ϩ , which is used for similar purposes as Et ϩ , is not transported by hOCTs. The importance of OCT-mediated Et ϩ uptake into renal PT was demonstrated in mice. Following intravenous application, Et ϩ accumulated in S2-and S3-segments of wild-type mice but not in mice where OCT1 and OCT2 were deleted. So far, the expression patterns of the three OCT isoforms in the different segments of mouse PT have not been determined (see Ref. 1 ). However, it is Values are means Ϯ SE calculated from 3-7 individual experiments. Confluent HEK293 cells overexpressing hOCT2 were incubated for 2.5 min at 37°C with 0.5, 2.5, or 12.5 M Et ϩ plus varying concentrations of cimetidine or MPP ϩ . Following medium removal, fluorescence was determined at 535/590 nm. Cells were then lysed and intracellular fluorescence was determined as described in MATERIALS probable that the distribution of OCTs may be analogous to those in the rat PT, where rOCT1 was mainly observed in the pars convoluta (S1) and cortical pars recta (S2) of the PTs with lower expression in the medullary pars recta (S3), whereas rOCT2 was mainly expressed in the S2 and S3 segments (19) . Although OCT3 is also expressed in the mouse kidney PT (52), the renal secretion of organic cations is abolished in Oct1/2 double knockout mice (18) . This is consistent with the observed low expression of OCT3 in rodent kidneys and suggests less important functional roles of OCT3 (21, 52) (our own RESULTS). Thus, the observed distribution of Et ϩ distribution in S2-and S3-segments of wild-type mice is compatible with the reported distribution of rodent OCT1 and OCT2 in the kidney PT. The segment-specific distribution and expression of human OCTs are less clear. It has been shown that OCT2 is highly expressed in human PT but the significance of OCT1 and OCT3 in human PT still needs to be resolved (34, 41) . Hence, it is probable, although not yet proven by experimental data, that OCT2 (and perhaps OCT1 and OCT3) significantly contributes to basolateral uptake of Et ϩ in human kidney PT and may be considered as a target to prevent renal toxicity after Et ϩ poisoning.
Et ϩ was seen to accumulate strongly in the PT of mouse kidney (Fig. 2B) . We can exclude that the intracellular accumulation of Et ϩ observed in the kidney as well as hOCToverexpressing cells was due to cellular damage and death induced by the dye itself since no signs of morphological damage and/or no Et ϩ accumulation in non-hOCT-transfected cells were observed (Figs. 2 and 3) . Saturation of Et ϩ uptake was obtained in cells expressing hOCTs. The apparent K m for Et ϩ was in a similar range for all hOCTs (1-2 M; Fig. 3 ). In addition, Et ϩ uptake by hOCTs was inhibited by a panel of OCT substrates without any detectable change in the vitality and/or morphology of the cells. Et ϩ uptake by hOCTs was inhibited by quinine with about the same IC 50 Fig. 5D and RESULTS). This indicates that Et ϩ , MPP ϩ , and cimetidine interact at the same transport-relevant site of hOCT2.
Recent advances in the elucidation of substrate recognition by OCTs help to understand why organic cations may inhibit different substrates with different affinities. Mutagenesis data on rat OCT1 and modelling provided evidence that OCTs contain a large binding cleft with overlapping binding sites for organic cations and corticosterone that switches from an outward-facing to an inward-facing conformation during the trans- port cycle (15, 42, 45) . The structural models of OCT1 predict that the innermost cavities of the outward-and inward-facing clefts contain several identical amino acids. This could be confirmed by showing that replacement of a negative charged amino acid residue within the outward-facing innermost cavity of rat OCT2 by a neutral one led to change to the uptake of surplus-positive charge together with the translocated organic cation (45) . The existence of an innermost substrate binding cavity was also confirmed by showing that mutations of four of these amino acids within the modelled innermost cavity altered the affinities for partial competitive inhibition of TEA ϩ uptake by corticosterone that was either shortly applied from the extracellular side of the plasma membrane or was only accessible from the intracellular side (C. Volk, V. Gorboulev, A. Klotzsch, T. D. Müller, H. Koepsell, unpublished data). These mutants also showed significant changes of the affinity for MPP ϩ ; however, they had no effect on the affinity for TEA ϩ . The data suggest that the OCTs operate via an alternating access mechanism during which a cationic substrate binds to the outward-facing innermost cavity, the cavity changes to an inward-facing conformation, the substrate is released, and the innermost cavity switches back to the outward-facing conformation. Different organic cations may have partially different binding regions within the innermost cavities and may exhibit different degrees of mutual replacement. Voltage-clamp fluorometry measurements with rat OCT1 provided evidence for the existence of high-affinity cation-binding sites in addition to the low-affinity transport sites that are supposed to be located within the innermost cavities (15 . According to our understanding of the transport mechanism of OCTs, transported cations must fit into this innermost cavity of the binding cleft of the transporters. If the molecular structure of an organic cation does not fit into the innermost cavity and/or disturbs the conformational switch between the outward-facing and inward-facing conformation, it cannot be transported but may function as an inhibitor.
What practical consequences can be drawn from this study? The observations may have toxicological and pharmacological relevance. The data provide an indication for the entry pathways underlying EtBr intoxication via inhalation or ingestion: in the lung, hOCT2 and hOCT3 are expressed in the luminal and basolateral membranes in respiratory epithelia of the trachea and bronchi (17, 29) . In the small intestine, one uptake pathway for small organic cations is mediated by hOCT3 localized in brush-border membranes (35) . Consequently, administration of high concentrations of drugs, such as the H 2 receptor antagonist cimetidine or the antimalarial drug quinine, could attenuate acute EtBr intoxication and prevent further absorption through competition with Et ϩ for transport by hOCTs, and is far less toxic. Moreover, the predominant accumulation of Et ϩ derivatives, such as the trypanocide isometamidium ϩ used against animal trypanosomosis (22) , observed in liver and renal cortex (40) may well be accounted for through translocation by specific OCT subtypes, but this remains to be proven. And, although an association of occupational use of EtBr with an increased risk of cancer of the kidney (and other organs) is not definitely proven (8, 51) , the specific tissue distribution of hOCTs may have to be considered with respect to the putative carcinogenicity and teratogenicity of Et ϩ . Hence, attention should be drawn to previous occupational expositions to EtBr if tumors develop in organs expressing hOCTs, including the kidney (24) . This is particularly relevant because of the relatively high affinity of hOCTs (K m 1-3 M) for Et ϩ transport, determined in the present study (Fig. 3C ). This emphasizes the necessity for the strict application of safety measures when handling EtBr, but also the need for alternative technologies to stain nucleic acids in molecular biology laboratories. Finally, this discovery provides implications for investigators researching cell viability using Et ϩ as a marker because it may lead to false positive results. This will be particularly the case with tissues, which express high endogenous levels of hOCTs, such as epithelial cells of the kidney, intestine, liver, or lung, as well as neurons, the immune system, or tumors (24) . To assay the impact of drugs, toxins, hypoxia, and other stressors on cell viability, the use of Et ϩ as a marker of cell death should be avoided and/or complemented by other methods.
In conclusion, uptake of Et ϩ is mediated by hOCT1, hOCT2, and hOCT3, whereas Pr 2ϩ is not a substrate. The apparent K m values for hOCT1, hOCT2, and hOCT3 indicate high-affinity binding of Et ϩ to the transporters. In mice (and possibly humans), OCT1 and OCT2 appear to be the predominant uptake pathways for Et ϩ , which accumulates in the renal cortex only.
